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Augmenting a Museum Visitor’s Tour with
a Context Aware Framework
Abstract— We present a context awareness framework to assist
a Museum visitor’s learning process by providing an enriched
tour experience. We adapt the information a visitor receives about
an artwork based on their interests and knowledge. We show
how this is achievable by implementing a system that passively
and unobtrusively gathers information using physical and virtual
context. We also allow the visitor to visit virtually museums in
different places while still benefiting from information adapted
to their interests and knowledge.
I. INTRODUCTION
Museums give people the chance to look at artworks of
many different forms, from prehistoric dinosaur bones to
modern abstract sculptures, with the advent of the ”digital
tourist,” [1], [2], [3], [5] museum visitors can look at an
artwork and instantly have an abundance of information at
their fingertips. More often than not this information will not
change, additions can be made by museum staff, web-site
administrators and in some cases other museum visitors [3],
[5], [6] but the content displayed will still be the same for
each visitor even though their level of knowledge and degree
of interest is different. This paper presents a way to adapt
the information received about an artwork based on what the
visitor knows and where the visitor’s interests lie.
The goal of this paper is to describe the mechanisms used
to support the diverse information requirements of museum
visitors potentially ranging from children to senior researchers,
and so to that end we present a way of adapting the information
received about an artwork based on the visitor’s interests and
knowledge.
We are presenting ways of exploiting the context of a mobile
device, by using information such as where the device is or
how long it was in a particular location we can begin to infer
various things about the user of the device, this is physical
context. By examining the information a user accesses we can
determine their interests and even their level of understanding
about a subject, this is virtual context.
The value added by utilising a framework that provides
information tailored to an individual is that a visitor can spend
more time learning about what interests them without needing
to constantly sift through irrelevant information. It passively
supports a visitor’s pursuit of knowledge; the service operates
without requiring the visitor to do anything except look at
artworks.
II. SCENARIO
Upon entering a museum the visitor logs onto the museum
network and their PDA downloads the physical layout of the
museum. The visitor’s itinerary and calendar for the museum
are updated and the visitor is also notified of any events the
system deems they would be interested in.
A list of tour options is provided for the visitor, these tours
are based on the visitor’s interests, the visitor may select a
tour or opt to proceed on their own. If a tour is selected
an interactive map shows the visitor where to go, a digital
assistant also provides directions if needed. The visitor can
click on rooms displayed on the map to learn about the room’s
contents. During the tour the visitor can point their mobile
device at a piece of artwork, this causes a browser window to
open containing a small replica of the artwork. These replicas
can be marked for printing as posters or postcards; the visitor
picks up and pays for these after the tour. Textual and audio
information regarding the artwork is provided in addition to
links to similar artworks.
The visitor can choose to view additional information based
on their profile. Their level of knowledge and degree of interest
is taken into account when determining what extra information
is displayed, for example, a visitor who considers themselves
unversed in a particular form of art would receive information
about the artist, the artwork’s history and a general overview
of similar artworks.
A user who considers themselves well versed in the same
form of art would receive a detailed description of what other
visitors of similar interest have noticed about the art form such
as subtle shading effects that were not typically used by this
artist, or the political statement this artwork is attempting to
make.
As a third point of comparison, a visually impaired visitor
would receive additional audio commentary that is unneces-
sary for a non-visually impaired visitor.
Each of these techniques aims to enhance the visitor’s
experience by selectively adapting information to suit their
profile.
When the visitor has finished viewing a piece of art, the list
of artworks to see in the visitor’s tour is updated. The visitor
can also leave comments about the artwork for future visitors
as well as staff to read.
During the visit the visitor may deviate from the tour to look
at other artworks, after examining similar artworks the digital
assistant informs the user where there are similar artworks
that previous visitors with similar interest and knowledge
also found interesting. The visitor is given the option of
reading why the previous visitors found the other forms of
art interesting. The visitor can opt to proceed with the tour,
keep browsing or look at the other forms of art the system has
nominated.
When closing time is drawing near the digital assistant
unobtrusively informs the user that time is running short, this
allows the visitor to prioritise the remainder of their tour. After
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the visitor has finished their tour they can pickup any replicas
marked for printing, leave comments for future visitors to
peruse, they then log out.
III. RELATED WORK
[1], [2], [3], [4], [5], [6] deal with ways of creating museum
tailored to the location or interests of a particular visitor in
order to increase learning . [7] addresses the issues involved
with maintaining a system of visitor awareness with regards
to a web site using ambient displays.
There are also few International standards or consortium
that adress Museum guide such as [8] ANSI/NISO Z39.50
information retrieval (Z39.50). [8] describes the Museum
Information Management Model developed by the Consortium
for the Computer Interchange of Museum Information (CIMI)
Working Group. The Dublin Core Metadata Projectv and CIMI
are an important part of any budding museum framework and
as such we have attempted to adhere to their standards.
Human Computer Interaction research community has pro-
duced significant results in the area of universal usability of
electronic devices and software by using design and evaluation
heuristics, visualizations and other design artifacts.We use
Flip Zooming [10] technique to decrease the visual load on
the user while presenting detailed and extensive amounts of
information on the display.
IV. REQUIREMENTS
The literature survey in Section III lead us to choose a set
of requirements related to (i) the type of information to be
accessed and (ii) the usability of such information.
The framework must provide mechanisms for clearly and
consistently classifying the following:
• Representation of the museum’s physical layout
• Multimedia description of the artworks within the mu-
seum
• Description/detection of the visitor’s interests and knowl-
edge
• Description of the information about an artwork using
standards in order to increase interoperability
• Customization of information to visitors based on context
such as profile, interest and knowledge of the subject.
• Post/read feed back or comments of particular art to/from
other visitors.
The user interface should also support
• Multi-modal interactions allowing different forms of in-
put/output such as voice, video, touch screen, text.
• Adaptable user interface that tailors the information and
its presentation to users.
• Techniques for visualizing large data sets such as
overview of the data, and gives users instant easy access
to any part.
V. TERMINOLOGY
This paper adapts information about an artwork based on
two type of context, modelled as vectors: interests and knowl-
edge. We use the term vector to describe a simple heuristic
measurement representing either interest or knowledge about
aspects of artworks, a visitor’s interests and knowledge are
represented as separate integer vectors.
Throughout this paper reference is made to the aspects or
subjects of artworks, within the scope of this project these
aspects refer to any attributes describing an artwork or any
topic of interest to a visitor. For a particular artwork, aspects
can include the artist’s name, when the artwork was created
and what the artwork depicts; Example 1 provides a sample
artwork description written with eXtensible Markup Language
(XML) and Z39.50. Z39.50 is a protocol by which Z39.50
compliant software is written. Z39.50 allows search of one or
more library collections over the Internet simultaneously.
<Z3950-objectTitle> Large Pine, Saint-Tropez
</Z3950-objectTitle>
<Z3950-creatorName> Paul Signac
</Z3950-creatorName>
<Z3950-periodName> late 19th century
</Z3950-periodName>
<relatedInfo> www.artworld.com/signac
</relatedInfo>
<Z3950-subject> Paul Signac </Z3950-subject>
<Z3950-subject> Large Pine </Z3950-subject>
<Z3950-subject> Saint-Tropez </Z3950-subject>
<Z3950-subject>Landscape </Z3950-subject>
<Z3950-subject> Tree </Z3950-subject>
<Z3950-subject> Impressionism ...
Example 1 Sample XML based description of an art-
work
We use the terms interest and knowledge throughout the
paper when dealing with separate facets of the visitor’s psyche.
The interest vector represents how willing a person is to
learn about an aspect of artwork, it also represents how keen
a person is to experience artworks of a similar nature. These
two concerns are dealt with separately, the former is referred
to as the learning-interest vector and the latter is the similar-
interest vector. A visitor usually has many interest vectors that
can increase, decrease or stay the same.
Because of the way we perform context gathering the two
vectors are represented as a single integer with no loss of
functionality. The mechanisms used for gathering context,
exploiting context and adapting the information are discussed
in Section XI.
The knowledge vector is used to represent how much a
person knows about an aspect of artwork. We will see in
section XI that the knowledge vector is stored as a single
integer and a person will usually have many knowledge vectors
representing different levels of understanding about aspects of
artworks. Knowledge usually only increases or stays the same.
VI. INFORMATION MODEL
Before gathering contextual information to deduce a vis-
itor’s interests and knowledge it is necessary to establish a
framework that addresses the way artworks and the informa-
tion about those artworks are classified.
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A. Classifying Artworks
Classifying artwork is a challenging problem, too little
information and we cannot deduce co-locality or commonality
across a set of artworks, too much information and a visitor
gains no benefit from the service as seemingly unrelated
artworks overlap.
In our design we chose to adopt a hierarchical approach, for
instance, an impressionist painting of Edinburgh Castle might
contain several classifications including:
1) Art Type −→ Impression
2) Art Medium −→ Painting −→Oil on Canvas
3) Art Era −→ 20th Century
4) Art Subject −→ Fortification −→ Castle −→Scottish
(NB: the −→ represents a hierarchy from a broad classification
to a narrower one)
Each classification is stored in a treelike structure, for each
artwork we traverse the tree to the maximum depth that makes
sense and store the appropriate classification in the artwork’s
subject field.
B. Classifying Information
Information about artworks takes on many forms of varying
complexity. The museum is responsible for classifying the
information held about each artwork, by ensuring an accurate
mapping between a visitor’s profile and an artwork’s subjects
we can take advantage of the semantic layer’s grouping
facilities to deduce a visitor’s interests.
By classifying the information about the aspects of an
artwork, we can accurately determine what type of information
the visitor is looking for and what types of information they
have accessed.
Storing the information hierarchically provides us with a
great degree of versatility, as visitors can be interested in
artwork aspects that are both broadly and narrowly defined.
The following graph provides a sample tree with information
relating to an impression of Edinburgh Castle.
... Castle  European  Scotish  Edinburgh ...
French  ...

English  ...
C. Classifying Interests
A visitor’s interests must match the allowable artwork
information classifications, the developed prototype updates
a visitor’s profile based on the classifications of the artworks
seen, section XI details how the visitor’s interest and knowl-
edge vectors are updated.
Upon entering the Museum, the user fill a registration form
to explicitly state their interests and self-assessed knowledge,
the form is created by the museum and is displayed as a tree-
like structure, the visitor is free to select interests as broad or
specific as they desire. Figure 3 shows an example of visitor’s
registration form used to specify interests.
Given the example artwork classification from previous
sections, a visitor could state that they are interested in
20th Century paintings of Fortifications, Scottish Fortifications
or simply all types of Fortifications (e.g. Castles, Keeps,
Strongholds, Trenches).
D. Classifying Knowledge
[8] indicates that museums have moved away from being
just places to visit to suppliers of significant research material.
As a result it is necessary to not only classify the areas
of interest about an artwork but also the preferable level of
knowledge or understanding required to gain benefit from the
information.
There are several problems that can arise from having such
an abundance of information, to allow us to adequately meet
the demands of such a potentially broad selection of infor-
mation requirements and to ensure the information received
is relevant to the visitor, this paper identifies and attempts to
solve three problems a visitor can experience from information
within the museum context being:
• Too complex
• Too simple
• Irrelevant
We introduce a knowledge tree as a means of circumventing
these problems.
We make use of this information hierarchy to select infor-
mation that is only relevant to the current visitor and to prune
information that the visitor would find trivial or nonsensical.
The tree is traversed when information is requested, the
search algorithm takes each of the visitor’s interest and knowl-
edge vectors as inputs. For each category within the artwork’s
profile a depth first search is performed, each level of the
tree contains more specialised or detailed information than the
previous layer.
The amount of interest and knowledge required to retrieve
information contained at a certain depth within the tree is
referred to as the threshold value for example, to find out the
Spanish Government commissioned Pablo Picasso to create
an artwork depicting the horrors of the Spanish Civil war the
visitor might require basic knowledge of Artist: Picasso and
medium or higher interest in War: Spanish Civil.
VII. CONCEPTUAL DESIGN
As a way of separating concerns and supporting the se-
quence of events described in Section VI-D, it was decided to
adopt a 3-layered. The three layers are called physical, virtual
and semantic layer as described in Figure 2.
Figure 2 shows that the three artworks share the same topic.
If a visitor were interested in two of the artworks then they
would probably be interested in the third because we can infer
that they are interested in the topic the artworks depict. We can
determine what a visitor is truly interested in by their interest
vectors, since each vector is updated when the visitor accesses
information or looks at an artwork the subject of most interest
to the visitor will have the highest vector as it is common
across all instances.
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Basic
knowledge
knowledge
Advanced
knowledge
Medium
Fig. 1. A knowledge tree
Fig. 2. The 3-layered approach
A. Physical Layer
The physical layer is responsible for keeping track of the
objects within a museum and encompasses the physical layout
of a museum including all the rooms and facilities. The
primary task of the physical layer is to store the physical
location of each artwork.
The physical layer is usually static, museums typically
organise artworks according to a fixed criteria, for example,
paintings may be located in a single section of the museum
and arranged in chronological order.
In our model each artwork is affixed with an infrared
transmitter that continuously emits a unique identifier, this
identifier correlates the artwork’s physical location with its
corresponding location in virtual space. Section XI and Section
XII-A respectively describe the mechanisms for gathering
and processing physical contextual information to deduce a
visitor’s interests.
B. Virtual Layer
The virtual layer is responsible for describing the physical
layer; it contains information about the aspects of an artwork
that can include the artist, medium, description and links to
additional information about the artwork.
The virtual layer changes as information is added remove
or altered by museum staff, web-site administrators and other
visitors. The pages accessed by the visitor are dynamically
created according to the visitor’s knowledge and interests.
C. Semantic Layer
The semantic layer describes the relationship between art-
works and is responsible for mapping the correlation between
what a visitor sees in the virtual and physical layers and what
their actual interests and knowledge are. The semantic layer
can logically be thought of as all the ways to group artworks
by their aspects.
The semantic layer works by categorising groups of art-
works. Artworks within the same group are said to be se-
mantically co-located. An artwork can be semantically co-
located with many artworks for example, Picasso paintings
are semantically co-located as they share the same artist while
a subset of these artworks are semantically co-located with
a subset of Braque paintings as they share the same type -
cubism.
The semantic layer facilitates the processing of context
gathered by the physical and virtual layers by providing an
easy way to determine how a set of artworks or artwork
information are related.
VIII. PARTICIPATING ENTITIES AND ROLES
Our design encompasses the roles performed by three
distinct entities, the visitor’s PDA, the museum and the global
repository. Each entity has a well-defined role.
Data is passed between participants according to a set of
rules outlined below and the data is formatted and transmitted
according to specific standards such as XML and Z39.50, this
ensures compatibility with existing frameworks and provides
scalability.
A. Visitor’s PDA
When a PDA is pointed at certain artworks, the infrared
transmitter send a URL (website address) to the device,
causing a browser to appear. This allows the user to select
from a range of options which might include:
• Biographical information (images, text, hyperlinks) about
the artist;
• A description of the process or motivation behind the
artwork;
• An audio or video file of the artist or a curator discussing
the work or demonstrating their technique;
IWUC 2004— [SUBMISSION] 5
• Links to related or similar artworks;
• Suggestions for where the visitor might like to go next;
• A gallery plan showing where the user currently is, and
how to get to the next work;
• A program of events (films, lectures etc.) available in the
Gallery;
• Information about related publications or merchandise
available in the Gallery shop or from sponsors (e.g., book
shops, private galleries, private art dealers, art agents,
artist collectives);
• Information about the sponsor of the exhibition.
Messages are passed between the visitor’s PDA and the
museum. The visitor’s PDA accesses dynamic web pages using
a standard Internet browser. If the visitor has never used this
service before they fill out a registration form (see Figure 3
to facilitate the process of adapting information.
Fig. 3. Sample Visitor Registration Form
One of our aims is to passively gather information using
physical and virtual context but sometimes it is not plausible
or even possible to deduce certain facts about a visitor. For
instance, a visually impaired visitor would undoubtedly benefit
from audio-based commentary that a non-visually impaired
visitor would find annoying, the context gathering mechanisms
employed have no way of knowing a visitor’s ability without
specific user intervention.
Additionally, by allowing visitor’s to explicitly state their
interests and self-assessed knowledge we can adequately cater
for visitors wishing to expand on existing interests as well as
visitors wishing to learn about a particular topic, this provides
the visitor with an enriched museum tour experience.
Visitor’s who feel they are sufficiently knowledgeable about
certain areas gain benefit faster and we overcome any frustra-
tion caused by an enforced learning curve.
The initial registration form is used as a starting point to
apply the heuristics detailed in section XI. Visitors can adjust
their preferences before or after the visit.
B. Responsibilities of the Visitor’s PDA
The visitor’s PDA (equipped with 802.11 and IrDA) is
responsible for keeping track of the visitor’s knowledge and
interest vectors. One of our goals is to allow the visitor
to visit museums in different places while still having the
information adapted to their interests and knowledge. A server
stores visitors profiles and adapts information to be delivered
accordingly.
Upon initial registration the visitor is assigned a unique ID,
all communication between the museum and the visitor uses
this value.
C. Responsibilities of the Museum
Messages are passed between the visitor’s PDA and the mu-
seum and the global repository. The museum accepts requests
for information from the visitor’s PDA and issues queries to
the global repository.
The museum is concerned with the information management
of the physical and virtual layers as well as the implementation
of the semantic layer. The museum database should at all
times maintain a consistent and accurate representation of
the museum and each artwork located within the museum.
The types of structures used to store the museum’s physical
representation are outside the scope of this paper.
The museum is responsible for retrieving and displaying
information about an artwork to the visitor, the information is
adaptive in that it changes according to the current visitor’s in-
terests and knowledge, if a visitor’s interests and/or knowledge
change then the information received reflects this.
The museum acts as a ’middleware’ layer for the visitor.
The museum periodically sends updates to the global reposi-
tory containing each visitor’s profile as well as the artworks
and information they found interesting. This allows museum
visitors around the world to benefit from the experiences of
anyone with similar interests and knowledge instead of only
local museum visitors.
D. Responsibilities of the Global Repository
The global repository is concerned with the information
management of the semantic layer and contains visitor profiles
together with information about what artworks they found
interesting, information accessed and any additional comments
made.
The repository (multi-database) makes it possible to com-
pare visitor profiles across museums, for example,if a visitor
named Alice was interested in Renoir, Picasso and Da Vinci
paintings in Paris and enjoyed reading comments about these
painting at www.artworld.com then a visitor, Bob who saw
some Renoir, Picasso and Da Vinci paintings at a London
museum and has similar interests and knowledge to Alice
would probably enjoy reading the same comments.
The global repository accepts queries from participant mu-
seums. These queries are either search requests that return the
artworks seen by visitors with similar interests and knowledge
or updates to the stored data.
The participant museums periodically issues the updates,
each update is time stamped to ensure the validity of existing
data this avoids anomalies caused by a visitors changing
interests, for instance, if a visitor learning about Renoir rec-
ommended several sites of interest then other visitors learning
about Renoir would see them, if however, the visitor’s profile
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changed over time to reflect their newfound knowledge of
Renoir then the same site recommendation would be given
only to visitors interested and equally knowledgeable about
Renoir even though the information was meant for beginners.
IX. ASPECTS OF CONTEXT AWARE ARCHITECTURE
Our architecture is shown in Figure 4.The central piece of
the architecture is the context and the adaptation managers
located in the stationary network as a server. The context
manager gathers and stores all information required to adapt
or customise the information to be delivered to the visitors.
Non streamed data is viewed from a browser, streamed data
(MPEG-2) is conveyed with a multi-modal GUI we created
called flip zooming.
The manifestation of the context-awareness is seen at the
GUI interface. We created an user interface that is intuitive
and friendly.
A. User interface: usability
The browser launches our implementation of Flip Zooming
once the user request streamed information. Flip Zooming
[10] is a focus+context visualization technique for hierarchical
information sets that allows a PDA to view Multimedia
Museum information. This technique gives users both the
overview and the details of information that they need at the
same time. The technique was inspired from the way human
vision works. A center of attention labelled “focus” is detailed
and surrounded by peripheral or “context” information which
exhibit less detailed information. Figure 5 illustrates our Flip
Zooming technique for an Ipaq displaying MPEG-2 media.
The button on the top corresponds to “peripheral” medias or
information where the user can click. The center represents
the focus. A teletext window is also shown at the bottom of
the screen. The focus can change automatically based on the
current context. For example peripheral buttons will change
according to the evolution of user’s interest.
Over 30 percent of visitors retain audio based information
compared to approximately 6 percent that read wall labels as
such the ability to provide MPEG-2 streaming audio capabil-
ities as part of the museum tour is very useful.
B. Context Manager
Context management aims at building knowledge from
environmental information sensed by sensors. We represent
knowledge about context as a set of assertions about the envi-
ronment. Context management consists of two steps: sensing
and modelling.
1) Sensing: the environment is first sensed. Sensing consists
of measuring the environment within a degree of approx-
imation. Before gathering data from the environment, the
information of interest must be described(classified). For
example the four first digits read from a temperature sen-
sor is an integer attribute and represent the temperature
in degrees Celsius (e.g sensor123.read = 15). Context
sensing mechanisms are beyond the scope of this paper.
Section XI details context gathering implementation
Fig. 5. Flip Zooming
2) Modelling: Raw data are modelled to reflect physical
entities which can be manipulated and interpreted. Part
of the modelling consists of (i) representing the complex
structure of a situation in the environment (e.g represent-
ing a room or user’s interest) (ii) correlating raw data
from different sensors (e.g temperature sensors must be
associated with the location of the temperature sensor)
(iii) defining relationships between entities for exam-
ple relationship between physical, virtual and semantic
layers.
The context manager manages information about the lo-
cation of visitors, the history of their visit (path), level of
interest and knowledge of a particular subject profiles, and
description and relationships between the physical, virtual
and semantic layers. It is responsible for gathering context
information and making it available to the other entities (GUI
or adaptation manager) in the architecture. The aforementioned
information are described in XML as attribute value pair and
relationships between attributes. The value are updated using
our notification service called Elvin.
C. Adaptation Manager
The Context Manager (CM) provides awareness of the
environment and feeds the Adaptation Manager (AM) with
context information in order to enable selection of an appro-
priate adaptation method. The Adaptation Manager reacts to
changes context. The AM makes a decision about adaptation
if context changes and installs/invokes an appropriate adapt-
ability method. The AM is able to incorporate various types
of adaptation.
The AM specification is based on Event Condition
Action (ECA) rules. Event is an event that might trigger
Action. Conditions are conditions related to the event.
Events are often generated by the context manager. Action
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Fig. 4. Context Aware Architecture
is a reference to an adaptation action. Such rules support
multimedia (continuous) and operational (discrete) adaptation
and decouple the rules from the actual implementation of the
adaptation.
X. CONTEXT AWARE ARCHITECTURE EQUIPMENT
We uses a Compaq iPaq H3650 and H3860 PDA, the iPaq
is particularly attractive within the museum context because of
its full colour capabilities (206MHz). The iPaq uses Infrared
IrDa protocol to interact with IRX 2.2 developed by MIT Lab.
The iPaq also uses Wavelan 802.11 to connect to base stations
and download customised information.
The Web Interface uses Java Server Pages (JSP), the Ipaq
runs with Embedded Visual C++ 3.0. The decision to process
information at the museum ensured a manageable workload
for the PDA, by using JSP we also negated the need for a
custom built server to handle visitor requests.
We use an Apache web server to handle dynamic web pages,
Apache has the added advantage of allowing Z39.50 plug-ins,
which leads to increased interoperability however, these plug-
ins are not used in our implementation.
We use a browser to convey non-streamed information to
the user. The format of streamed information are MPEG-2, we
use our own special MPEG-2 player to be able to separately
view video, sound and teletext.
XI. CONTEXT GATHERING
A. Catering for four types of Visitor
As mentioned in the abstract one of our goal is to support
a diverse range of visitors, visitor’s can have many or few
interests, some are more knowledgeable than others and so to
that end this project broadly defines and caters for four types
of visitor. Table I summarises the 4 types of visitors.
TABLE I
FOUR TYPES OF MUSEUM VISITOR
Low Interest High Interest
Low
Knowl-
edge
Visitors not
wanting to learn
or have not heard
of the topic.
Visitor wanting
to learn and
explore their
interests to
develop their
knowledge.
High
Knowl-
edge
Visitors
with changed
(diminished)
interests.
Researchers
within a specific
field.
B. Gathering Context from the Physical Layer
In our prototype each artwork is affixed with an IRX2.2
infrared transmitter, the transmitter continuously emits an
identifier that is received by the infrared port of a PDA.
Since the interval between successive transmissions is a known
constant we can measure the amount of time a visitor has been
pointing their device at an artwork by counting the number of
times the identifier is received. The unique identifier is stored
in the museum database and is used to correlate artworks with
their URLs.
The transmitter has an effective range of approximately one
metre and as such there are a number of problems that stem
from the possible lack of correlation between the time spent
pointing the PDA at an artwork and the actual amount of time
spent looking at the artwork.
C. Gathering Context from the Virtual Layer
Context gathered from the virtual layer represents a more
accurate measurement of a visitor’s interests and knowledge
since the visitor is actively seeking additional information.
By looking at the types of information a visitor accesses we
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can passively infer various things about their interests and
knowledge.
Section X mentions that although the URLs referred to by
the infrared identifier are static the content is dynamically
produced with Java Server Pages (JSP).
When a visitor accesses dynamic information we store the
current time and wait until the visitor clicks on a link or
exits the page, when this occurs the stored time is forwarded
together with the visitors identifier and requested action (e.g.
exit, access information, logout) to an intermediary responsible
for processing the virtual context, the algorithm used to
process this information is provides in the following sections.
XII. CONTEXT PROCESSING
By utilising the contextual information gathered from the
physical and virtual layers described in section 5 we now
present the process used to determine a visitor’s interests and
knowledge.
A. Processing Contextual Information from the Physical Layer
As mentioned in previous sections, we can measure the
amount of time a visitor points their PDA at a particular
artwork by counting the number of times the artwork’s iden-
tifier is received. When the PDA stops receiving the identifier
we retrieve the subjects associated with the artwork from the
museum’s database and then apply the following algorithm.
LET t = time spent pointing the PDA at
an artwork
FOR each artwork subject ‘‘r’’ retrieve
the visitor’s corresponding
interest vector IV(r)
IF t <= 3 secs
THEN IV(r) = IV(r) + 1
IF 3 secs < t <= 10 secs
THEN IV(r) = IV(r) + 3
IF 10 secs < t <= 25 secs
THEN IV(r) = IV(r) + 7
IF t > 25 secs
THEN IV(r) = IV(r) + 15
We add the relevant subject to the visitor’s profile if the
interest vector does not exist. Note that the visitor’s knowledge
vector(s) remain unchanged.
B. Processing Contextual Information from the Virtual Layer
When a visitor accesses additional information about an
artwork the information displayed is adapted to their profile of
interests and knowledge, as a consequence we receive positive
reinforcement of the visitor’s interests.
This paper emphasises using virtual context to deduce a
visitor’s interests, the algorithm used to update the visitor’s
interest vectors are weighted more heavily than those used
when gathering physical context, this reinforces the theme that
the quantity and quality of information a visitor accesses is a
better indication of a visitor’s interests and knowledge than
physical context gathering.
Section VI-D introduced the concept of a knowledge tree,
by examining the knowledge classifications of the information
accessed we can roughly determine the amount of knowledge
a visitor has about a particular subject, for instance, if a visitor
interested in cubism accessed information about Picasso then
the knowledge content of the information displayed might be:
• Artist: Picasso −→ General Life −→ Basic
• Artwork Style: Cubism −→ Development −→ Medium
−→ Impact on society −→ Basic
• Artwork Style: Cubism −→ Contribution to art world −→
Peer Acceptance −→ Advanced
By classifying the knowledge content of the information
displayed we can adapt the next set of information to build
on the concepts the visitor has gained. We assume that a
visitor accessing a dynamic page for seven seconds or more
gains the relevant knowledge content and as such their knowl-
edge vectors are updated to reflect this, we set the visitor’s
knowledge vector to the threshold value of the next knowledge
classification.
The original prototype determined the number of seconds a
visitor accessed information about an artwork and added this
number to their profile for each relevant subject, this method
was found to produce erroneous results as a visitor reading a
single page for several minutes would have the same interest
vector as a visitor reading many similar pages for a few sec-
onds. To avoid this anomaly it was decided to classify interest
periods, for instance, it might take a visitor three seconds to
decide if they are interested in the accessed information, a
subsequent thirty seconds will determine if they are keen on
learning more and a further two minutes might elapse before
we know a visitor enjoys reading about a particular topic.
Using threshold values based on a time/interest curve we get
a more accurate heuristic as shown in Figure 6.
Fig. 6. A time/interest curve
The algorithm used is as follows:
# IV(r) denotes interest vector of an art r
LET t = time spent accessing
information in seconds
IF t <= 5
pass (no interest)
IF 5 < t <= 30
THEN IV(r) = IV(r) + 5 (slight interest)
IF 30 < t <= 60
THEN IV(r) = IV(r) + 13 (medium interest)
IF t > 60
THEN IV(r) = IV(r) + 30 (great interest)
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We then place the current date in the lastUpdated field of
the visitor’s profile. Section XII-C describes how this value
enables us to determine when a visitor is no longer interested
in a subject.
It was also determined that by maintaining a list of the
artworks a visitor has seen we can make further inferences
about a visitor’s interests when they refer back to a piece
of artwork or information. Instead of using the algorithm
described in section XII-A we keep a count of the number
of times a visitor reviews an artwork or information. At
present this context is only used to create a list of artworks
and information the visitor is particularly interested in, the
prototype records the location of any artworks or information
a visitor has visited five times or more.
C. Decreasing Interests
Table 1 listed the four types of visitors we support, by
utilising the context processing mechanisms described above
we can adequately cater for three of the possible types of
expected visitors. This section discusses how the implemented
prototype caters for visitors that have lost interest in a subject.
This paper works on the basic premise that when people
are interested in something they tend to seek additional
information about it, similarly when people lose interest in
something they generally do not continue to actively increase
their knowledge about the subject or do not tend to perform
the activity any more.
XIII. ADAPTING THE INFORMATION
Our primary goal is to adapt the information a visitor
receives about an artwork based on their interests and knowl-
edge, the following section describes the process followed by
the developed prototype.
The information a visitor receives is broken down into four
separate parts:
• The textual information about aspects of the artwork
• Multimedia (pictures, voice, video, teletext) of the art-
work and similar artworks
• Comments left by previous visitors
• Recommended additional information or links to similar
artworks
A. Textual Information
As mentioned in section VIII-B the museum is responsible
for storing and categorising information about artworks, we
also want to adapt the information to ensure that the visitor not
only understands the information displayed but is interested
the content.
When a visitor accesses a dynamic page the page takes
their profile as input, the profile is compared to the artwork’s
information, for each visitor interest matching an artwork
subject we add the corresponding artwork information for that
subject to a set.
After each visitor interest has been processed the set will
contain the information adapted to the visitor’s interests, which
means we are ready to adapt the information to the visitor’s
knowledge. Recall from section VI that this project employs
a knowledge tree to represent the visitors’pre-requisite in-
formation. The knowledge tree contains basic, intermediary
and advanced knowledge about each subject; the threshold
values are determined when the information is classified, a
visitor may have a knowledge vector of 200, this might be
classified as advanced for some sources of information but
only intermediary for others.
B. Artwork Pictures
A thumbnail image of the artwork is displayed alongside
the information. This project stores thumbnails as part of the
dynamic pages although the URL of each thumbnail is also
stored in the museum database.
When links to additional information are displayed a thumb-
nail depicting a representative of the additional category may
also be shown to give visitors a visual insight to the content
of the links. The prototype only displays extra thumbnails for
links to similar artworks and only to visitors that are beginners.
C. Past Visitor Feedback
Feedback received from past visitors is easily adaptable by
obtaining the relevant subset of the past visitor’s profile from
the Global Repository and then comparing it with the current
visitor’s profile, this ensures the current visitor only receives
comments from people who not only share comparable knowl-
edge but also appreciate similar aspects of the artwork.
XIV. CONCLUSION
This paper presents a framework that adapts the information
a visitor receives about an artwork based on their interests and
knowledge. We addressed the issues involved with the gather-
ing and subsequence processing of contextual information to
deduce a visitor’s interests and knowledge, we presented our
design and discussed its limitations. The system unobtrusively
gathers information using physical and virtual context, the goal
to provide a passive framework has been achieved, after the
visitor has registered they are free to browse normally while
still gaining benefit from the service.
The findings of this paper are intended to be used in
conjunction with pre-existing museum tour guides. Whereas
the majority of the research papers examined the physical
context of a portable digital assistant (PDA) this paper employs
a context-gathering framework inspired by [7], we explore the
concept of examining the virtual context or the information
accessed by the visitor in addition to the physical context to
determine their interests and level of knowledge.
This paper is only concerned with the museum context,
but the ideas presented are theoretically applicable to any
area that deals with situations where people require access
to categorised information based on their knowledge and
interests, for example, people learning to play instruments
could benefit from having lessons adapted to the style of
music they are interested in (e.g. Jazz, Classical, etc). This
would assist their learning process since they are pursuing
their interests. We currently evaluate the usability aspect of
our findings.
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